In recent times, several hints of lepton non-universality have been observed in semileptonic B meson decays, both in the charged-current (b → clν l ) and neutral-current (b → sll) transitions.
I. INTRODUCTION
Though the Standard Model (SM) is considered as the most fundamental theory describing almost all the phenomena of particle physics, still it is unable to shed light on some of the open issues, like matter-antimatter asymmetry, dark matter, dark energy, etc., which eventually necessitates to probe the physics beyond it. In this respect, the rare decays of B mesons involving the flavor changing neutral current (FCNC) transitions play an important role in the quest for new physics (NP). Even though the SM gauge interactions are lepton flavor universal, the violation of lepton universality has been observed in various semileptonic B decays. Recently, the LHCb Collaboration has reported a spectacular discrepancy of 1.9σ (3.3σ) [1] [2] [3] [4] [5] [6] and 2σ [7] on the lepton non-universality (LNU) parameters R D ( * ) = Table I . 
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In addition, another discrepancy in b → ulν l transition is also noticed in the measured ratio
where τ B 0 (τ B 
with τ B − /τ B 0 = 1.076 ± 0.004 from [17] , one can obtain
which has also nearly 1σ deviation from its SM value R l π | SM = 0.583 ± 0.055. It is generally argued that, compared to the first two generations, the processes involving the third generation leptons are more sensitive to NP due to their reasonably large mass. As the LNU parameters are the ratio of branching fractions, the uncertainties arising due to the CKM matrix elements and hadronic form factors are expected to be reduced, as they cancelled out in the ratio. Hence, these deviations of various LNU parameters hint towards the possible interplay of new physics in an ambiguous manner.
On the other hand, around 20% of the total number of hadrons produced at LHCb are Λ b baryon [18, 19] , and hence the study of Λ b becomes quite interesting in these days. The b → qlν l (q = u, c) quark level transitions can be probed in both B and Λ b decays. Thus, as in B decays one can also scrutinize the presence of lepton universality violation in the corresponding semileptonic baryon decays Λ b → (Λ c , p)lν l to corroborate the results from B sector and thus, to probe the structure of NP. The heavy-heavy and heavy-light semileptonic decays of baryons can serve as an additional source for the determination of the CabbiboKobayashi-Maskawa (CKM) matrix elements V qb [17, [20] [21] [22] . In the literature [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , the baryonic decay modes mediated by b → (u, c)lν l quark level transitions are studied both in model dependent and independent approaches. The analysis of Λ b → Λ c τν τ decay in the context of SM and various NP couplings are performed in [25] . In Ref. [27] , the SM hadron and lepton polarization asymmetries are computed in the covariant confined quark model.
The precise lattice QCD calculation of Λ b → (Λ c , p) form factors and the investigation of semileptonic baryonic b → (u, c)lν l processes are performed in [28] . Ref. [34] investigates the impact of five possible new physics interactions, adopting five different form factors of Λ b → Λ c τν τ decay mode. Considering various real NP couplings, the differential decay distributions, forward-backward asymmetries and the ratios of branching fractions of these baryonic decay modes are investigated in [29] . In this work, we intend to analyse the effect of complex new couplings on Λ b → (Λ c , p)lν l decay processes in a model independent way.
The main goal of this work is to check the possible existence of lepton universality violation in baryonic decays. The new coefficients are constrained by using the branching ratios of B u,c → τν τ , B → πτν τ processes and the experimental data on R D ( * ) , R J/ψ , R l π ratios. We then compute the branching ratios, forward-backward asymmetries, lepton and hadron polarization asymmetries of these baryonic decay modes. We also check the LNU parameters by using the constrained new couplings. The main difference between our approach and the previous analyses in [25, 32] is that, we investigate the impact of individual complex new couplings on all the angular observables including the lepton and hadron polarization asymmetries. We use the updated experimental limits on R D ( * ) , R l π ratios including new R J/ψ parameter to constrain the allowed parameter space.
The outline of our paper is follows. In section II, we present the general effective Lagrangian of b → (u, c)lν l processes in presence of NP, and the necessary theoretical framework for analysing these processes. The constraints on new parameter space associated with b → (u, c)lν l transitions are computed from the experimental data on R D ( * ) , R J/ψ , R l π , Br(B c,u → τν τ ) and Br(B → πτν τ ) observables in section III. In section IV, we discuss the branching ratios and all the physical angular observables of Λ b → (Λ c , p)lν l processes. Our findings are summarized in section V.
II. THEORETICAL FRAMEWORK
The most general effective Lagrangian associated with B 1 → B 2 lν l decay processes, where B 1 = Λ b , B 2 = Λ c , p mediated by the quark level transition b → qlν l , (q = u, c) is given by [36, 37] 
where G F denotes the Fermi constant, V qb are the CKM matrix elements and q(l) L,R = P L,R q(l) are the chiral quark(lepton) fields with P L,R = (1 ∓ γ 5 )/2 as the projection operators. Here V L,R , S L,R , T L represent the vector, scalar and tensor type NP couplings, which are zero in the SM.
In the presence of NP, the double differential decay distribution for B 1 → B 2 lν l processes with respect to q 2 and cos θ l (θ l is the angle between the directions of parent B 1 baryon and , 
and
, q 2 )
, λ(a, b, c) = a 2 + b 2 + c 2 − 2(ab + bc + ca). (9) Here M B 1 (2) and m l are the masses of B 1 (2) baryon and charged leptons respectively. The helicity amplitudes in terms of the various form factors and the NP couplings are given as [25, 33] 
,0,t
where
i , (i = 1, 2, 3, T & a, b = V, S) are the various form factors. After integrating out cos θ l in Eqn. (6) , one can obtain the q 2 dependent differential decay rate. Besides the branching ratios, other interesting observables in these decay modes are
• Forward-backward asymmetry parameter:
• Convexity parameter:
• Longitudinal hadron polarization asymmetry parameter:
where dΓ λ 2 =±1/2 are the individual helicity-dependent differential decay rates, whose detailed expressions are given in Appendix A [33] .
• Longitudinal lepton polarization asymmetry parameter:
• Lepton non-universality parameter:
, l = e, µ.
• The LHCb Collaboration has measured the ratio of the partially integrated decay rates 
and put constraint on the ratio |V ub |/|V cb | = 0.083 ± 0.004 ± 0.004 [20] . Similarly, we define the following parameter, to investigate if there is any possible role of NP
III. CONSTRAINTS ON NEW COUPLINGS
After assembling the expressions for all the interesting observables in presence of NP,
we now proceed to constrain the new coefficients by using the experimental bounds on Br(B u,c → τν τ ), Br(B → πτν τ ), R l π , R D ( * ) and R J/ψ parameters. In this analysis, the new Wilson coefficients are considered as complex. We further assume that only one new coefficient to present at a time and accordingly compute the allowed parameter space of these couplings.
The branching ratios of B q → lν l processes in the presence of NP couplings are given by [38] Br(B q → lν l ) = G 
where M Bq is the mass of B q meson. By using the masses of all the particles, lifetime of B q meson, CKM matrix elements from [17] and decay constants f Bu = 190.5 ± 4.2 MeV, f Bc = 489 ± 4 ± 3 MeV from [39, 40] , the branching ratios of B 
Br(B + c → τ + ν τ )| SM = (3.6 ± 0.14) × 10 −2 .
Using the current world average of the B c lifetime, the upper limit on the branching ratio of B + c → τ + ν τ process is [41] Br(B
The branching ratios of B q → P lν l (P = π, D ) are given as [42, 43] dBr(B q → P lν l )
where the helicity amplitudes in terms of form factors (F 0,+ ) are expressed as
Using the values of the B → π form factors from [44] [45] [46] [47] , the obtained branching ratios of B q → πlν l processes, in the SM are given as
It should be noted that, the branching ratio of the muonic channel agrees reasonably well with the experimental value as given in Eqn. (3) , whereas the tau-channel is within its current experimental limit [17] Br(B 0 → π + τ −ν τ )| Expt < 2.5 × 10 −4 .
The branching ratios of B q → V lν l , where V = D * , J/ψ, are given as [42, 43] dBr(B → V lν l ) 
where H V,± , H V,0 , H V,t and H S are the hadronic amplitudes [42, 43] .
In this analysis, we consider the new physics contribution to third generation lepton only and the couplings with light leptons are assumed to be SM like. By allowing only one coefficient at a time, we constrain its real and imaginary parts by comparing the theoretically the constraints on T L coupling is obtained from the experimental data on R D ( * ) , which is shown in the bottom panel of Fig. 2 . In Table II , we have presented the allowed values of
coefficients, which are compatible with the 3σ range of the experimental data. The constraints on these parameters are obtained earlier from various B decays in Refs.
[ 13, 14, 25, 29, 38, 43, [48] [49] [50] . Our analysis is similar to Refs. [25, 32] . In Ref. [25] , the authors have considered the couplings to be complex and constrained the new coefficients associated with b → cτν τ from R D ( * ) data. However, they have not includeed the tensor couplings in their analysis, and found that the effects produced by the pseudoscalar coef-ficient are larger than those obtained from the scalar coefficient. In Ref. [29] , the author assumed the couplings as real and computed the allowed parameter space by comparing the 
IV. NUMERICAL ANALYSIS AND DISCUSSION
In this section, we present the numerical results for semileptonic Λ b decay modes with third generation leptons in the final state. The masses of all the particles and the lifetime of Λ b are taken from [17] . The q 2 dependence of the helicity form factors (f +,⊥,0 , g +,⊥,0 , h +,⊥ , h +,⊥ ) in the lattice QCD calculation can be parametrized as [28, 32] 
where m f pole is the pole mass and 
The detailed relation between the helicity form factors (f +,⊥,0 , g +,⊥,0 , h +,⊥ , h +,⊥ ) with other
) are listed in Appendix B [51] . Using all these input parameters, the predicted branching ratios of Λ b → (Λ c , p)µν µ processes in the SM are given by
which are in reasonable agreement with the corresponding experimental data [17] Br(Λ b → pµ
The values of the forward-backward asymmetries in these channels are found to be
In Eqn. (31 , 33) , the theoretical uncertainties are mainly due to the uncertainties associated with the CKM matrix elements and the form factor parameters. After having idea on all the required input parameters and the allowed parameter space of new couplings, we now proceed to discuss various new physics scenarios and their impact on Λ b → (Λ c , p)τν τ decay modes in a model independent way.
In this scenario, we assume that the additional new physics contribution to the SM result is coming only from the coupling associated with the left-handed vector like quark currents i.e., V L = 0 and V R , S L,R , T L = 0. Since in this case, the NP operator has the same Lorentz structure as the SM operator, the SM decay rate gets modified by the factor and imaginary parts of V L coefficient from Table II , 
and the corresponding values for the convexity parameters are
We found no deviation from SM results for the forward-backward asymmetry and convexity parameters due to the presence of V L coefficient. In In these figures, the cyan bands are due to the additional contribution from V R coefficient.
We notice significant deviation in the branching ratios from their corresponding SM results.
The predicted values of the branching ratios for V R coefficient are presented in Table III .
Apart from branching ratios, we are also interested to see the effect of this new coefficient on various q 2 dependent observables. The 
The effect of V R coefficient is found to be rather significant on the forward-backward asymmetry observables of both Λ b → p(Λ c )τ Table III . Though the presence of V L coefficient has no effect on the lepton and hadron polarization asymmetries of b → (u, c)τν τ decay modes, the V R coefficient has significant impact on these parameters. In the top panel of 
C. Scenario C: Only S L coefficient
Here, we explore the impact of only S L coefficient on the angular observables of heavyheavy and heavy-light semileptonic decays of Λ b baryon. In section III, we discussed the constraints on the S L coupling. In the top panel Fig. 9 , we present the plots for the differential branching ratios of Λ b → pτν τ (left) and Λ b → Λ c τν τ (right) decay processes with respect to q 2 in the presence of S L coefficient. The corresponding plots for the forward- Table IV . Since the convexity parameters are independent of scalar type couplings, the S L,R coefficients play no role for this parameter. Table IV shows the integrated values of all these angular observables.
V. CONCLUSION
In this work, we have performed a model independent analysis of baryonic Λ b → (Λ c , p)lν l decay processes by considering the generalized effective Lagrangian in the presence of new physics. We considered the new couplings to be complex in our analysis. In order to constrain the new couplings, we have assumed that only one coefficient to be present at a time and con- 
